Abstract -"Bath salts" are synthetic stimulant "legal highs" that have recently been banned in the US. Epidemiological data regarding bath salts use are limited. In the present study, 113 individuals in the US reporting use of bath salts completed an anonymous, online survey characterizing demographic, experiential, and psychological variables. Respondents were more often male, 18-24 years old, and Caucasian/White with some college education. Past-year use was typically low (≤ 10 days), but marked by repeated dosing. Intranasal was the most frequently reported administration route and subjective effects were similar to other stimulants (e.g., cocaine, amphetamines). Bath salts use was associated with increased sexual desire and sexual HIV risk behavior, and met DSM-5 diagnostic criteria for disordered use in more than half of respondents. Bath salts use persists in the US despite federal bans of cathinone-like constituents. Self-reported stimulant-like effects of bath salts suggest their use as substitutes for traditional illicit stimulants. Data revealed more normative outcomes vis-à-vis extreme accounts by media and medical case reports. However, indications of product abuse potential and sexual risk remain, suggesting bath salts pose potential public health harm.
INTRODUCTION
"Bath salts" are synthetic stimulants similar to cathinones that have recently gained attention as "legal highs" (Vandrey et al. 2013) . These products are not used as bath water additives. Rather, they are labeled as "bath salts" and other terms (e.g., "plant food," "glass cleaner") to conceal their use as drugs. Among the most common psychoactive constituents of bath salts are mephedrone, methylone, and methylenedioxypyrovalerone (MDPV), a Postdoctoral Fellow, Johns Hopkins University School of Medicine, Baltimore, MD.
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Please address correspondence to Patrick S. Johnson, Ph.D., Behavioral Pharmacology Research Unit, Department of Psychiatry and Behavioral Sciences, Johns Hopkins University School of Medicine, 5510 Nathan Shock Dr., Baltimore, MD 21224; phone: 410-550-1979; fax: 410-550-0030; email: pastejohn@jhmi.edu which are amphetamine-like derivatives of the naturally occurring stimulant cathinone (present in Catha edulis; khat). Beginning in 2010, the frequency of bath salts use in the US increased rapidly (Yin & Ho 2012) , resulting in a concomitant increase in local poison control center calls and emergency department toxicity presentations (Warrick et al. 2013; Wood 2013; Forrester 2012; Bronstein et al. 2011) . In response, the US Drug Enforcement Administration (DEA) temporarily classified the aforementioned constituents as Schedule I controlled substances in October 2011. In July 2012, Congress passed the Synthetic Drug Abuse Prevention Act, retaining mephedrone and MDPV in Schedule I; the DEA permanently placed methylone in Schedule I as of April 2013. However, as is characteristic of the legal high industry, novel second-generation compounds have since been introduced to circumvent legislation (Rosenbaum, Carreiro & Babu 2012; De Paoli, Maskell & Pounder 2011; Spiller et al 2011) .
Cathinone-like compounds found in bath salts elicit a variety of sympathomimetic responses via their activity at brain sites regulating monoamine release and transport (Baumann et al. 2013b; Cameron et al. 2013; Eshleman et al. 2013; Simmler et al. 2013; López-Arnau et al. 2012) . Behavioral assays conducted in non-human models show increased locomotor activity, tachycardia, and hypertension (Baumann, Partilla & Lehner, 2013a; Fantegrossi et al. 2013; Gatch, Taylor & Forster 2013; Marusich et al. 2012) , a profile of symptoms that is largely consistent with clinically reported intoxication in humans (Warrick et al. 2013; Murphy et al. 2013; Prosser & Nelson 2012; Ross et al. 2012) . Perhaps one of the most important findings in this literature is that cathinone-like compounds serve as potent reinforcers and are readily self-administered, indicating a high likelihood of abuse liability (Aarde et al. 2013; Motbey et al. 2013; Watterson et al. 2012a; 2012b) .
Despite the potential dangers posed by bath salts, epidemiological data regarding their use are limited, a fact that is perhaps not surprising given the clandestine nature of their use and questionable legal status. One methodological approach to collecting these data is to conduct online user surveys, a strategy employed for predominantly European samples (Carhart-Harris, King & Nutt 2011; Winstock et al. 2011a ) to characterize mephedrone, the cathinonelike compound most prevalent in Europe (Wood & Dargan 2012) . A thoroughgoing examination of bath salts use in the US is timely because, compared to Europe, relatively less is known about these substances and the nature of their effects. Furthermore, quantitative analyses of bath salts ingredients have found that MDPV is more common than mephedrone in US samples, suggesting that geographic differences are non-trivial (Shanks et al. 2012; Spiller et al. 2011) . While recent US-based surveys of drug use have included items pertaining to bath salts, their results were confined to prevalence estimates (Johnston et al. 2013; Kelly et al. 2013; Stogner & Miller 2013) . Our goal was to characterize through an online survey the demographic, experiential, and psychological variables present among US-based adult bath salts users.
METHODS
An online survey hosted by SurveyMonkey.com was available between December 11, 2012, and April 9, 2013. Respondents were recruited via drug-related (www. bluelight.ru, www.drugs-forum.com, www.reddit.com/r/ drugs) and volunteer-opportunity-oriented (www.craigslist. org) websites. Participation was voluntary, anonymous (no name or IP address recorded), and uncompensated. This implied consent study was approved by the Johns Hopkins University Institutional Review Board.
The survey featured 91 questions about demographics, bath salts use patterns, procurement, subjective effects, use disorders for bath salts and other substances, and beliefs regarding the safety and legality of bath salts (survey available from first author on request). Respondents were allowed to skip questions if they felt uncomfortable answering, could not accurately recall, or did not know the answer. Respondents were able to access the survey if they were at least 18 years of age, were fluent in English, currently resided in the US, had previously used bath salts, were not currently under the influence of bath salts, and had not completed the survey previously.
DATA ANALYSIS
For most survey items, descriptive statistics (e.g., percent, mean, standard deviation) were used to characterize respondent data. In a section querying bath salts effects, respondents were asked, with respect to their most frequent route of administration, to estimate the time until onset of drug effects, peak effects, and resolution of drug effects following administration. For these data, medians and interquartile ranges were calculated. For an assessment of behavioral economic demand for bath salts, respondents were asked how many milligrams of their preferred bath salts would be hypothetically purchased at a series of prices per milligram (USD). Respondents were instructed to purchase only amounts they would personally use within the next month, with potential responses ranging from 0 to 499 mg. Median amounts purchased were plotted as a function of price and fitted by an exponential demand equation (Hursh & Silberberg 2008) using GraphPad Prism version 6.03 for Windows (GraphPad Software, La Jolla, CA). Finally, criteria for DSM-5 substance use disorders for a range of drugs were assessed using a modified checklist (Hudziak et al. 1993) . Diagnoses were determined according to DSM-5 guidelines (American Psychiatric Association 2013).
RESULTS

Sample Size and Demographic Information
One hundred and sixteen respondents met inclusion criteria and completed the survey. Three individuals who reported exclusive use of a non-cathinone-like compound (e.g., 2C-I) were excluded, resulting in a sample size of 113. Although respondents were allowed to skip questions, they did so infrequently (the median response count per question was n = 111). Nonetheless, percent calculations were based on the response count for each question. The average participation duration was approximately 22 minutes (SD ≈ 9 min.). Table 1 shows respondent demographics. Respondents were typically male (68%), 18-24 years old (50%), Caucasian/White (92%), and non-Hispanic (87%). They were most likely to have at least some college education (65%), to never have been married (72%), to earn less than $30,000 annually (46%), and to work full-time (44%). Less than one quarter reported a lifetime psychiatric diagnosis (23%). Respondents were from 37 states and the District of Columbia.
Procurement and Availability
Bath salts were most commonly procured via the Internet (28%) and from "head" shops (27%), but were also obtained from drug dealers (15%), gas stations/ convenience stores (14%), friends/relatives (12%), or other locations such as tattoo shops (4%). Sixty-four respondents (57%) reported that a ban was currently in place, while 35% and 8% endorsed "I don't know" and "no," respectively. Among those respondents reporting a ban (n = 64), 53% reported that bath salts were harder to obtain because of the ban. Also among those reporting a ban (n = 64), 53% reported having used bath salts in the post-ban period. Of those who reported post-ban use (n = 34), 38% did not notice whether the drug quality was the same or different as before the ban, while others reported that the drug quality was the same as before the ban (35%) or that the drug quality had decreased since the ban (26%). None reported that the drug quality increased after the ban.
Frequency of Use
Among all respondents (N = 113), 26% reported no use of bath salts in the past year. Of those who reported use in the past year (n = 84), 62%, 26%, and 12% of respondents reported using bath salts on ≤ 10 days (62%), 11-30 days (26%), and > 30 days (12%). We also asked how many times the drug was administered on a typical day when used. Among those reporting past year use (n = 84), 22% reported use only once daily, 54% reported 2-5 administrations, 21% reported 6-20 administrations, and 4% reported > 20 administrations. Reported use over the past month and past week was low among all respondents (N = 113), as 84% reported no use in the past month and 94% reported no use in the past week. Of those respondents who used bath salts at least once during these more recent time periods, the distribution of uses per day was consistent with estimates from administrations over the past year.
For the remaining items in this section, respondents were instructed to skip questions if they were unfamiliar with the unit of measure (milligrams). When asked to estimate the average and greatest amounts of bath salts consumed on a typical day when the drug was used, 58 respondents provided data. Of these 58 respondents, 14% reported using ≤ 5 mg, 19% used 6-20 mg, 26% used 21-100 mg, and 41% used >100 mg. Regarding greatest amount used, the 54 respondents completing this item used a maximum of ≤5 mg (15%), 6-20 mg (15%), 21-100 mg (22%), and > 100 mg (48%). Figure 1 shows data from the assessment of behavioral economic demand for bath salts. Of the 66 individuals who responded in this section, 36 (55%) provided answers for every price and provided non-zero values at $0.01/mg. Only data from these 36 respondents were analyzed. Median consumption, which decreased with price, 
Use Patterns
For all respondents (N = 113), the most popular route of administration was intranasal (i.e., snorting, 71%). Smoking/vaporizing (11%) and oral routes (15%) were not uncommon.
Among those who reported whether they used bath salts alone or with others (n = 110), 56% used with one or two close friends or relatives, 22% reported using by oneself, 18% reported using in large gatherings, and 4% reported using under other circumstances such as when bath salts were assumed to be another drug (e.g., MDMA). Figure 2 shows median estimated time to onset, peak effects, and resolution of drug effects for select primary routes of administration. Of the routes shown (i.e., those endorsed by ≥ 10 respondents), onset was most rapid for smoking/vaporizing (7.5 s), followed by intranasal (1 min), and least rapid for oral administration (25 min). Median time to peak drug effects was ordered identically: smoking/vaporizing (3 min), intranasal (10 min), and oral administration (1 hr). Depending on route of administration, bath salts effects were reported to resolve completely as early as 1 hr post-administration and, in some cases, as long as 10 hr.
Among all respondents (N = 113), 79% reported using bath salts because they were curious or wanted to try them. Other reasons included using bath salts to help stay awake (22%), to improve sexual experience (21%), to avoid positive drug tests (26%), to explore the mind/brain (52%), and because the respondent liked the effect (53%). Figure 3 illustrates subjective effects of bath salts. The percent of respondents endorsing each of the four frequency categories was calculated using as the denominator the total number of respondents who responded to every subjective effect item (n = 96). Feeling stimulated or energetic (54%) and having a decreased appetite (53%) were the only two items that > 50% of respondents reported occurring every time bath salts were used. At least half of those who responded to every subjective effect item (n = 96) endorsed feeling more talkative than usual (72%), feeling a pleasant high (72%), feeling their heart racing (69%), feeling euphoric (66%), feeling more focused than usual (53%), having a dry mouth (52%), and having a clenched jaw (52%) as occurring at least "most of the time." Notably, 42% reported having increased sex drive at least "most of the time." By comparison, psychotic-like effects were less commonly reported. Less than one quarter felt paranoid (23%) or hallucinated (21%), and 15% reported being in a dream-like state "every time" or "most of the time" bath salts were used.
Subjective Effects
Respondents were also asked to specify drugs with subjective effects very similar to those of bath salts. Among those who responded to this item (n = 107), amphetamines (e.g., Adderall ® ) were endorsed the most (65%). Similarly, cocaine, MDMA, methamphetamine, and methylphenidate (e.g., Ritalin ® ) were specified by 58%, 53%, 41%, and 26% of respondents, respectively.
Violence and Sexual Risk
When asked about urges to engage in violent behavior (N = 113), 78% reported never having felt the urge to be more violent than normal after using bath salts. However, 16% reported that they had felt the urge to be more violent, but had not acted on the urge, and only one respondent (< 1%) reported that they had acted on the urge to be more violent. No respondents reported engaging in self-injury, attempting suicide, becoming violent toward an animal, or engaging in cannibalism.
Among all respondents (N = 113), 54% reported having felt the urge to take more sexual risks than normal after using bath salts. Of those (n = 61), 48% reported acting on this urge. All of the items in the follow-up question specifying sexual risk behaviors were endorsed by at least one respondent.
FIGURE 2 Estimated Time to Onset, Peak Effects, and Resolution of Bath Salts Effects for Select Primary Routes of Administration. Data are Medians with Error Bars Representing the Interquartile Range. Note the Logarithmic X-Axis, which Plots Time Post-Administration in Seconds but Features Important Intervals of the Time Course Other Drug Use and Prevalence of Substance Use Disorders
Among all respondents (N = 113), other drugs used in the past year were most often alcohol (95%), marijuana (85%), and tobacco (73%). Other drugs used by fewer respondents included amphetamines (54%), hallucinogens (54%), and prescription pain relievers (53%).
Prevalence of substance use disorders (American Psychiatric Association 2013) for bath salts and other drugs was assessed for respondents endorsing at least one criterion across all drugs or indicating "no additional drug use" (n = 111). Of these respondents, 53% (n = 59) met criteria for a substance use disorder related to "bath salts" use. Of the 59, 37%, 24%, and 39% met criteria for mild, moderate, and severe substance use disorder, respectively. Eighty-one respondents endorsed the occurrence of at least one withdrawal symptom upon cutting down or stopping use of bath salts, the most common of which were desire or craving to use bath salts (54%), fatigue (52%), and depression (52%). Among all respondents, only 3% reported seeking or receiving treatment for problems related to bath salts.
Of 112 respondents who endorsed at least one DSM-5 substance use disorder criterion for drugs other than bath salts, at least one respondent met criteria for at least a mild substance use disorder for each of the other drugs assessed. Marijuana, endorsed by 21% of respondents, was the drug (excluding bath salts) associated with the most frequent mild substance use disorder diagnoses. Both the most moderate and severe substance use disorder diagnoses were associated with alcohol, with 15% and 22% of respondents, respectively, meeting criteria. Respondents were asked if they had ever received treatment for drug or alcohol problems: 29% reported they had received treatment, and the modal number of separate treatment occasions was 1.
Beliefs Regarding Bath Salts
When asked to rate the accuracy of media representations of bath salts as it relates to the average user's experience (0 = not accurate at all, 10 = extremely accurate), the average perceived accuracy was 1.99 (SD = 2.02). The majority of respondents (86%) agreed most with the statement that media representations were exaggerated (consequences less severe than portrayed). Conversely, 14% agreed most with the statement that media representations were understated (consequences more severe than portrayed).
When asked to rate the risk of people harming themselves or others when using bath salts (0 = no risk, 10 = extreme risk), respondents rated the average risk as 5.28 (SD = 2.78). Few respondents (13%) believed that bath salts are approved for human use, 19% believed that bath salts are safe for human use, 90% believed that bath salts are potentially dangerous or harmful if used, and 11% believed that if bath salts were not safe to use, they would not be sold commercially. Based on their firsthand experiences, 94% agreed that bath salts produce a noticeable "high" or feeling of intoxication, 51% agreed that bath salts produce an effect that is different than any other legal or illegal drug they have tried, and 71% agreed that using the same bath salts results in generally the same effect every time the product is used. Regarding the overall quality of their experiences, 80% reported positive/enjoyable effects after using bath salts, and 68% reported negative/unwanted effects.
When asked about the legal status of bath salts, 35% agreed that bath salts should be illegal; 23% agreed that bath salts should be legal, but available only for adult use; 37% agreed that bath salts should be legal, but subject to standard quality-control and regulation guidelines; and 4% agreed that bath salts should be legal and available to anyone to use without any restrictions such as For 22 who responded, the five most common were all stimulants: cocaine (59%), MDMA (59%), amphetamines (50%), methamphetamine (32%), and methylphenidate (18%).
DISCUSSION
This online survey is the first, to our knowledge, to address the paucity of data surrounding the use of bath salts in a US-based sample. We identified several important demographic, economic, psychological, behavioral, and cultural features of this obscure drug-using population. Collectively, our data describe a drug profile with remarkable similarity to classic dopaminergic psychomotor stimulants with corresponding abuse potential. These data include subjective effects of stimulation, decreased appetite, and increased sex drive; subjective similarity to other stimulants; binging patterns; and sexual risk behavior. Also consistent with a stimulant profile, the data suggest potential positive effects, including improved concentration (e.g., as in the treatment of ADHD) and the ability to stay awake (e.g., as in the treatment of narcolepsy), consistent with the therapeutic use of amphetamine-like stimulants.
Previous survey-based characterizations of cathinonelike compound use beyond basic prevalence estimates have focused on predominantly European samples and mephedrone specifically (Carhart-Harris et al. 2011; Winstock et al. 2011a ). However, bath salts users in our US-based sample were comparable to European mephedrone users along a number of dimensions, including sex (predominantly male), age (predominantly earlyto mid-twenties), and preferred administration route (predominantly intranasal). This demographic profile is also identical to clinical presentations of bath salts toxicities to emergency departments and poison control centers in the US (Warrick et al. 2013; Wood 2013; Forrester 2012; Bronstein et al. 2011) .
Nationwide efforts to criminalize mephedrone in the UK resulted in decreased procurement and use likelihood without noticeable changes in availability (Carhart-Harris et al. 2011) . By contrast, respondents in our survey reported decreased availability of bath salts following the implementation of bans without any apparent decrease in likelihood of use (51% of respondents reported having used these products after the ban was in place). While the decreased commercial presence of bath salts may reflect the reluctance of US brick-and-mortar retailers (e.g., head shops, gas stations) to continue selling them, the lack of respondent compliance with the ban is suggestive of a reallocation of supply to online marketplaces (e.g., Silk Road; Barratt 2012), making law enforcement difficult or impossible to maintain.
Respondents reported using on a low number of days, but also reported multiple administrations on these occasions. Repeated dosing may promote acute tolerance, thereby motivating compulsive use of the drug. This pattern of administration is consistent with binge use (O'Brien 2011) and has been documented elsewhere in association with mephedrone (Winstock et al. 2011b ). This pattern may also explain the average respondent in the present study consuming in excess of 100 mg of bath salts per occasion. Binge use is typical of other psychomotor stimulant drugs of abuse such as cocaine and methamphetamine. Ultimately, drug administration rate is related to drug time course. For the most commonly reported route (snorting), peak effects of bath salts were estimated to occur after 10 minutes. Similarly, peak effects of intranasal cocaine and methamphetamine in human laboratory studies occur after 10-15 minutes (Hart et al. 2008; Volkow et al. 2000) . Median reported effect onset was extremely rapid: 7.5 and 60 seconds for smoked/vaporized and intranasal routes of administration, respectively. This is clinically concerning given that a more rapid onset suggests higher abuse liability (Hatsukami & Fischman 1996) . Strong reinforcing effects associated with rapid onset, combined with relatively long effect duration (∼4 hours), suggests the potential for binging episodes accompanied by accumulating drug blood levels, which may be responsible for reports of psychoses following bath salts binges (Miotto et al. 2013; Penders, Gestring & Vilensky 2012; Thornton, Gerona & Tomaszewski 2012) .
While the relation between cocaine and methamphetamine use and sexual risk behavior is established (Gonzales, Mooney & Rawson 2010; Brown, Domier & Rawson 2005; Hoffman et al., 2000; Bux, Lamb & Iguchi 1995; Booth, Watters & Chitwood 1993) , the present study is the first to document this association as an underemphasized risk of bath salts use. A majority of respondents felt the urge to take more sexual risks than normal after using bath salts and slightly less than half acted on their urge, suggesting transmission potential for HIV and other sexually transmitted infections. These findings are contrasted against the low prevalence of acting on violent urges (1%), despite the sensational and often gruesome content of recent US news reports (e.g., erroneous attribution of cannibalism to bath salts in Miami, FL, case; Martinez 2012). While most respondents agreed that media representations of bath salts use inaccurately portrayed the harms associated with use, a majority reported unwanted effects of bath salts and believed that bath salts were potentially dangerous and should be at least regulated or made illegal. Perhaps most telling was the finding that slightly less than half of respondents did not like bath salts, despite having used them in the past, and had no intention of future use.
Although the data are consistent with bath salts being a public health concern, the data also suggest more normative patterns and outcomes vis-à-vis extreme accounts by media and medical case reports which understandably tend to focus on extraordinary cases. The clinical prevalence of sexual risk relative to violence is in line with expectations of traditional dopaminergic stimulants like cocaine and methamphetamine. Similar to all drug classes, a non-trivial minority (33%) of users appeared to have moderate/severe use disorders (compared to dependence among extra-medical users in Anthony, Warner & Kessler 1994) , suggesting many users regulate use. The demand curve analysis also indicates that bath salts use is typically lawful and, as with other drugs, is regulated by environmental factors such as price. These similarities notwithstanding, it should be acknowledged that we did not inquire in depth about legal (e.g., arrests) or some types of clinical (e.g., emergency department visits) consequences of bath salts use. It is also likely that the occurrence of psychotic-like effects of bath salts, such as paranoia and hallucinations, while not typically reported in our survey, is related to the dose and specific compound administered and could be precipitated by a pre-existing psychiatric disorder in combination with drug use. Until additional data on these topics are collected, we recommend that caution be exercised in generalizing the present findings to bath salts use universally.
Several limitations should be considered. First, our sample was relatively small. As a result, the strength of our findings may lie in the systematic observations within our sample, rather than as a demographic characterization of the entire population of US bath salts users. That is, within our survey, there were multiple opportunities to assess the internal validity of our results. For instance, estimates of the timecourse of bath salts effects were orderly for each route of administration (i.e., onset < peak effects < resolution). Between routes of administration, temporal features were similarly ordered, with more rapid onset following smoking/vaporizing relative to snorting and then swallowing. Second, some respondents were possibly regular members of drug-related fora with above-average drug knowledge. Given the online environment in which the survey was conducted, there may have also been the potential for selection bias in favor of younger, more technologically advanced users who may be more likely to obtain bath salts over the Internet than through alternative mediums (see Khey et al. 2014 ). Third, web-based research, while efficient and cost-effective, is restricted in its ability to confirm response accuracy. Self-reports are also inevitably susceptible to memory deficits and so should be interpreted cautiously. A fourth limitation is that we allowed respondents to skip questions, given the sensitivity of the topic. However, except in those cases in which respondents were directly encouraged to skip a question in the event of a knowledge deficit (e.g., unsure of dose), missing data were rare and did not affect interpretation of the results. Also, due to the lack of data regarding typical bath salts doses, maximum values of 100 and 499 mg were set for questions about daily use and hypothetical consumption, respectively. Respondents often endorsed maximum values, signaling that the accuracy of these estimates could have been improved by a wider range of possible values. Finally, we could have further probed positive effects. For example, amphetamine-like stimulants increase vigilance and arousal and are approved for ADHD and narcolepsy treatment. Therefore, it is not implausible that constituents of bath salts might hold promise as therapeutic agents. While some respondents reported using bath salts to either help concentrate better or stay awake, it would have been valuable to describe the nature of these effects beyond their endorsement as reasons for use.
Despite these methodological concerns, the use of bath salts has significant implications for public health in the US. In lieu of human pharmacology and toxicology of cathinone-like compounds, clinicians and researchers may benefit from descriptive approaches like the one adopted here. Compared to other data collection methods, online surveys confer an information-gathering advantage in the characterization of novel legal highs and associated obscure user populations. The feasibility of alternative approaches designed to minimize bias and other threats to internal validity should be explored in future studies investigating legal high phenomena.
